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e work bogean ap o resuld of the cbswpweti-n thel Lhe sugw
owel of boel bloxi comtsndng onifsn!lenide sumednod maoh highor
then wodd novmally bo cposteld 1o the cbounoe of the drag after
gaveral dsys in the fvo Dom. The mlfonumide deag hod been ndded to
provont buctorial growb. In order to try %o expleln this shenmsenon,
& fresh omple o beef bicad was obtaingd, Part of thie waw kept o o
comtenl, sl pert hed sulfentleaide oddeds Bloxd suger deberainetions
vore nado Mmwdiotoly, and 1t weo Sound thet tho swmEe level of the
blood containing suifenllodde wes apssrently lewer thon thot of Use
eoateole IU ctonds to - aapon thot this QLD wrenee wme apuaret ad
pot roal. Jdnee this obsurwoblag could be repoated ot willy &t
beome cbwios thot the procemse of selfonilamdde in bleod tntsmduced
an eror in gluoase dotarminelions whom vun W the dhafloreiortaannn
Wothode

Begomas of the wide we of sdlfonanddo drugn, It wag folt thet
an taveutigetion of Wils phonmmon would bo sdviscblos
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RTINS OF SULPONAGIDG DRUGS T SUSAY DETESMIMCTONS

SAPEATMENT AL,
The firet probles was to find a mathod for muming quantitative

sagar deteminetions in the presense of esulisndlamide sinve it wee
shown thet the Whalftu-lartasn ed othor alkaline copper motliods vers
not acourste umder such eoxditlons (1)

Seogyl (2) vecently smblished o urine seger mothod Snwolving
mo copper salte in the reagenta. It has boen denonstuwbed that the
pregsence of eullenilemide doos not omwe an error when this method b
upad and consequently 1t van adopied thesughout this work to establish
¢he sagor lewel of uring wd obher solutlons euplayed. Deoause of its

exgollence and simplicliy, the Somogyi method probubly will beocne
widely used in cliniesl laberatory work far quantiletive yerine sugur
egtimiilons,

the methnd ao odapted 4o ap followw: Tn a; 8 = 1Y test tube,
10 sl of 10 per cent sodium carbonate cre placed and 1 nl. of wing
added. The wmixturs is hected for § mimates in @ bolling woter bath,
ifhor pooling, the solor produced i veod in the photoslecteic colop-
Wa&lwmafghmem}nmm from o stendard curve pre-
pared 4n the following mamer: Glugose solations combeining 0.8, Ll.0j
Ze0y 340y beUy and 5,0 gms. por cent ave prepared. Te ) ul. of sach
of these solutions 10 ml. of 10 per cont sodium casbonaté are oddeds
| After 8 ndmstes in @ bolling weler bath, the celor developad is measur-
ad in o Elett photeclectric colorimetor and the readings plebted sgudngt

the concentretions. It was found thet a stradght line cwrve resilited
indlogting thot within the Limits of coneoentrations employed, there ip
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good observance to Beerts Law, 'ﬁme standard curve used in this work is
ghowm in Graph I.

Reduecing sugars in the presence of alksll have the property of
coloring the solubion yellow an heating, aithxmgh ‘thé chemical nature of
these resctions are not mﬂemﬁ:m&g The intensily of the yellow color
is prﬁpez*isimml to the mount of glucope precent under the conditions
of the methods

This method was checked agalnst the Shaffer-Haritmarm method usging
{a) unbreated urine, (b) wrine after yeast fermentation, and {ec) iren
filtrates (3) of urines Teble T shows typiecal data obtained from such
deterninations.

TABLE 1
Series of urine sugars showing comparison of values obltained
with the Somogyl and Shaffer-Hartmann methodse

Shaffer-Hartmann  Shaffer-Hortmenn  Shaffer-fartman  Somogyd
untreated wine yeast fermentatlon iron {iltrate unbreated urine

Flucose Glunose Glucose Glucose
gma . per 100 nl. gng.per 100 ml. 2s. per 100 ml. gmss per 100 zle

04373 S ¢ P ‘ 0.382 0«3k
0ah03 04383 0u396 0a56
0480 0u356 0,388 0e58 "
09k 04751 06792 Oull
1e0h 04886 0919 0488
Lol 1436 1,39 L L8
1.50 1430 1s43 1.20
3473 2453 3eli0 3.10

% Tt was later found adviseble to pretreal uripe with a amall
amount of Horite to remove the chromogenic substances presemt. +his
was especially important in the gase of urines with low sugar levels
becanse the yellow color of the urine was sufficient to Impart a sig-

{ficant fraction of the totsl color formed, After adopting this
procedure, better agreement was oblalned.
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Hnoo the results of the Somogyd mothod agreed 2o woll with the
toue sugar lovel (yeest formentation) 4t wan £elt thol 1% comstituted an
adeqaebe method Sor deterndnstions in thie work

QANTITATIVE BUGOSE DEFUOCNATIONS T AGUEOUS SOLUTTONS
CONTATNING SULFOHANITR DRUGS.

It sowmed advisablo to test the effest of sulfanilemide fs woll
ag the other elindeally employed sulfonsalde drugs for theflr capacity Lo
interfore in suger detorminations. Thie wea flrpt dome woing squoous
solutione of t(he drug and swary in ordor to detoraine the awant of
intarferenoe and a poseible aplaation for its mechanion,

Vorious wethods anploying alitaline ogpper respgauts wove gindlod.
Pollswing 1a & dypical exporiment which indisstes the approagh 0 this
probles,. A 1 por cent glucoss selution wep madde and sulfenilamide
added to ylold conoentrations of from 25 mge. por omt %o 200 mgs. per
conbs  Suger deteminalione were wm on these seiulloms by the Shaffop-
Havtmoon mothods Tt was found that ag the amount of sulfenilamide
x, the poreentagd rocowevy decrvased, n a glueose colut’on
comtaining 200 ngs. por cont sulfenilmsdide which had setually only
Us? mge of the drug in 5 uls of the 1 %o 50 dilution wsed for the detar
mnation, an § per cont ervor war Jound. Such an expgeriment wus
repested uiing varions concamtrotions of glucose. Uhe degree of inbor-
forence was found to be primsrily dependent op sulfmnilanide conpen-
tration and not on sugnr oencentiation. Tahle I showo this clearly.
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TABLE IX

Deba shovdng error cmsed by various maounls of sulfonilonide
in mentibative sgers detorningd by the ‘halfepwiastaum mebhode

Sulfondlopdde _ Flcoas wlianilaside present Par cent
mge. por 100 ml. gns. PoYs 100 mls in aliquet used for lnoorery
Present Determinad  anulysls R0 '

0 Ou?9 O . 0.00 1003

25 e 99 0,99 0+0R5 S 10040

50 0s99 0.958 0405 n?

150 027 Qe 736 OulS Pl

200 0579 04715 Oe20 ' P25

4 Geli) Oelsll 0,00 10040

10C GelsB Ouli52 Ge10 9hal

200 Quh8 - O.h2? 0220 8%

- 300 DabB 0,130 ' 0u 30 BSah

ulfathingole snd sodium wifagyridine were thos tested wder -
similer Wm gondLb Long. The resulte will be found in Table IIT.
1% 1o significont that the divection of error emsed by either of thooe
dmags 12 opposite to thet found in the case of milfanilunids, Aloo the
er-or 1s congiderably less when oomparable amounts of the deag are co-
played. ‘o attempt to explain Whils anegpented resull wilil be foumd in
the digmssion. |
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Data showing orror catned in queptitotive sygnr dstominotlions
b sulfothisnole and exlfnpyridine.

Salfathiasole Hlueose Sulfatiringole sont  For genb
mgss per 100 ml, gow. pere 100 ml, dn sliguot for Socovery
Precent Detemmined smalyels  mgh.

G 04480 080 0.0 100
100 0.0 OhIY Oed 102
200 OelfD 0e509 02 105
300 OiBO 04523 a3 108

0 0eb0Y G500 O 10
00 04507 0e537 Ouk WS
200 Os9  OaBkD 0s2 308
300 D 505 0u5L8 : O3 106

SOANT [TATTVE DETEINATION T BLO'De
ittention was next tumed to biclogleal flulin Lo detomine he

noture and ctent »f interference esasod ly sulfumilanide 'n ouger
deteminations, -inee patientsy who awe kept on sulfapilemide therapyy
seldom ever have higher blood levels thum 25 myse por eamt, 1t wos folt
thet this would be the hishest value requiring investigstion, To 100 ml
aliquot of & blosd sample 25 mgs, sulfenilamide weve added ami blood
sugars wara Tun by tho shafferilartmesn nethod on this sample and alse
on engthor allguet oontaining no sulfenilsside. The suger lowel of the
ocontrol was found to be 90 mgue por cont andl thet of the exporimestal
sample BS mgs, por gent, This %o o Shel por cent recovery aad it 1o in-
teresting to note thot the aliquat of the bleod flltrate used for
enslysis sontained 0,125 mge sulfenilomide, This evror 4s in clooe
azroemon’ with that foumd in pure solutlony combalning a comparsble
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mound of sulfondlenide. See Toble IV, 2 Shel per cemt mecovery was
found vhwm the aliquet of pure solution uwsed for anslysis sontained
030 sgs of sulfenllanide.s In clinioel work sn error sueh as this is
of 1ittle consoquence bub for metioulous resulis 1t must be given pon-
siderat long
IRATIVE DETSMTHATIONS YH URING.

Deomse uwrine fran patients on sulfenilmmide therany eontaing
for more of this drug than dove their bleod, attantion was turped to &
study of the arrgr lavelved in urine suger detorminations. To @ uring
m conbalning 0,79 per comt glucoss, sulfmniluxide was sdded ¢o
glve o Finol comsentration of 300 mgs. por cent, The glucose lewl
then hed m appavent walue of 0.72 per cont which rupresemts o 91 per
cont reoovery, This dogree of interforonge i in good egrewment with
that found 1 3he work with blood ongd with pure solutions contalning
samporable tmounts of the sulfonamide drug.

In genocral the greatest interferonce was found whon the glucose
valnos were low, One wrine semple vhich contelned OJil6 ge, glucose
per 100 nl., showed om the adiitlon of mulfanilemtide to ylold conpen-
trations of 150 mgo. por cont and 300 mgs. peor vent, cnly 58 per cout
anct 70 por cant mecovery respectively. This error is sconsiderably
grooter then eny encommberxi n the work om pure seimtions even when
Pow lovels of sugnr and gulfanilomide were pomgparable, Mo explenation
for this 18 ot hand, e

DISCU3-SI N

It vas damonstrated oarly in Wrls work (1) thet the interferonce
of mlfanilamide in sager doterminations by wothods amploying slialine
copper reagonts vas duo Lo the fomuebion of o cuprous-copper sullpil-
slde complex. This removes 2 certaln ssonnt of euprous lon end thas
lass remains for edidation by odine and consemently the resulis wme
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erroneoualy 1o |

T 13 posuible to neice cupraus~gopper sulfenilgnide conplex by
boiling 5 ml. of an aquesa solution containing 100 mge. per cent
glucose ed LOO Ege. per cout sulf antlanide with 5 mle Shaffer-lartaam
roagente lo cuprous oxlde 3 oars. Instead & while erystalline materil
pregipitotes on oooling. Thiz ls composed of cuprousegopper and Bl
nilanide. The consontration of slfanilanide wentiomed above is, of
course, muech highar dhan weuld esdinarily be found in sugar detarmines
tions in blologlesl Ffiulds becanse of the lurge Al lution fector. It is
folt that the reghanim of wuch oryetel fomsolion offors a possible en-
planation for the lnterference in suger determdinationd.

This theory was further borne out whon sulf andlemide coprer
couplex was peepared and purified end then odded to Shaffellartam
reagent in varying ewounbs, In eash case Lhe actual titration ALl
feroupe goreod qite elosely «ari{.h the thooreticsl titration difforanse.
Thig {lguse was cosputed by fndiag the thooreticel mount of ouprOR-
sogper (L) in the sample of the eomplax used, that would be mnde svalle
able far the reaction with fodime on esldificatlions Then Jmowing that
De317 mygs ouprousesopyer is equivalent to 1 mls of 04005 ke sodimm
thdosulfate 1t is possible to compute the theorctical titration dif-

ferenaos

In sach onse, howewery the gotusl titration differmce wab &
1ittls lower than the theoretiocal titration difference. This is
interpreted to mean that on scldifeation most of the complex bub oot
guite all is decomposed with the liberghlon of most of tiwm euprous lon,
The difference mm' the theorobiosl axl sotual titeation valuss ave
always just sboul the sane rogandless of the mmount of sulfandlanide
soprar cowplex indicating that & more or less oomstant anourd of the
sanplox 1o nat deconposed under these cond’lions of seldificetions
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Tabls IV indicates those polrs.
TABLE TV
Casparison of motual and thooretisal tibration differemoes due
to cuprous lon liberated from copper sulfendlantde pomplex with Shafles
Hartoarm roagente

Sulfanilanide Cosplox
present in aliguot used Theoretical Avtagl
for analyuis Titration HMEferanee Titration Diffevence

LS i nl.
50 5e30 Sel8
3+0 336 3435
1.5 167 Lais
e Oe83 CeZ0
0375 ‘ Cels2 Vel

Fron theso reculte ii is possibis to place the following
interpretetion on the overall ploture. Un healing glucope in m
alaline copptr golutlion some of tia ouprie fon 1s reuced 4o suprous
lon, Vhen sulfimilamide is prepont the coprous lon 4v telken up to forn
- & oopper gulfanilanide complew, On agidificstion, howewvery the proater
pardt of this eooplex, budl not quite ally is docxmPosed liberating
suprous ion which cen then react with the iodiass The ot of ewprow
ion thet revalins unevalleble for axidstion by iodine is closely
ecorrelated with errors fmund in sugsr deterninstions.

Ab the present Hime there is no adequede explanation for the
potion of selfapyridine sod sulfothiasole. Fhen 10 mge. of sulfendle-
mide ave added to 5 nl, ShafTer-imvtasnn reagents pracstically no titro-
tion difforence conpared to normad blamks i founde Uith sulfethiasoly
howvever, under the smw conditions over 2 nl. titeation differmmos is
obtained, This actually reprosmts a gross ayror, It wamll seen,
therefore, that this interference is not related Lo the fomationof &
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cupeos coppes gomplax with sullathiazols siune almiloy tiiration
aifforanons are found with sulfethiasole in the presence of pagar ond
this evror in in a direction opposite to thet found whon mgar is
determined in tw presonce of sulfandlomlides

Tho affegts of salfaniladde and veyions othor mullonmaide drege
wers lgvestignted in quelitetive wrine suger tosts smploying vyorious
Hhﬁhw;@wmag Those used most widely in ¢limlecd
labovniary verk are the Denadict toslty the Dlinitest, {Rfferwescent
Product, Ino.), and the Sheftel dest (M1 "11ly axl Compiny)s Tt wes
thought sdvisabls to stat with enger free urine and add vorying
Maaﬁ'wmammmmwmmmmomﬂ
eontrolinth of these warizbloo.

The heftel Yest was mM*nmmmmimwm
interfovenss was observed from wy of tha drugn tested) eonsequently
gueh doto nre oplitod from the teble below. Such cbservetions remain
wcpladned, singe the resgente smploywd in this methed @w sinllar to -
thooe of the Clindtest in masy respoctae. “hile there was no imterfor
ance Prom Whe sulfonmmide deugsy the accuregy of the meihad was not
found to b6 a5 groab 5o thab of the Clinitest sod Danedict methods,

In Table V¥ data will be found indiesting the degres of intarier~
unon due Lo varimis levels of diffgrwnt sulfomamide drage with geveral
palitetive wing sugur moetlnds.



12,
TaBLYE ¥
Interference caused by seversl sulfonemide drugs ia svme of the

commonly employed qualitetive urine sugar tosts.

Giusose guifenilanide Clinitest Bensdict Somegyi
gms, psr 100 ml. mgs. per 100 mi. Reading [Reading gms. per 100 ml.
050 o + & Q.53

300 trace trace 0453

200 ¢ trace 053

400 ¢ trace 053

075 g + ¥ + ¥ Q.7
300 * + OeTh

1ol o] L et i.00
300 | * & ' + & 1.02

<ol #] PSR 2 S S 1.86
150 P4 4+ b ¥ 1.836

300 4+ 4+ 4 «Q + + 1,86

Bulfapyridine
nge. per 100 mle

G50 ' o + * 0.56
150 trace + 056

Ga75 0 + ¥ + + 0+73
| 150 * ¥ + + 075 |

1.0 ' o & ¥ + ok 1.08

150 + + + il 1.08
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Glucose Sulfediasens Clinitest Bensdict Sonogyi
gus. psr 100 ml. mgs. per 100 ad. Resding Feading ges. per 100 mi,

050 0 + + 0. 56

00 % B Ue58

0475 ¢ v+ + + 0476

‘ 100 ++ ¢+ 076

1.0 0 ¢ b + + 4+ 1.08

160 T o+ 1.06

Bong=-methyl ﬂ
Sulfadiasene
wgs. per 100 al,

0450 ¢ & + 54
106 + o+ e84

0475 o + o+ + + 0,68

100 + 4 + ¥+ 0«68

Sulfathinzole
mgs. per 100 ml.
ﬂ;ﬁ@ ) W + not determined

200 + + y .
GeT5 4] + ¢+ + b » »
225 + + + + L »

gith sulfenilanide thers is a significant interference espeaially
in the urine with low suger velues. A urime reading ome + with Bensdict
solution showed no reduction efter the additlion of sulfanilemide to yleld
& concentration of Z00 mgs. per cent. In almost every case, &8 the amount
of sugar increaped ithe Bensdici and Ciinitest were read Jjust one + lower
thas & sizilar urine ssaple devoid of pulfenilapide. 7The mechanism for
this interference is thought to be the sswe s that proposed in the
 quantitetive test wilh tue excepticn bhat the crystals forned ave not dee

composed, a5 no scidification takes piace in the qualitative tasts.
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411 of the other sulfonamide drugs vested, showed no sigoificant
error elthougn there was & tendeusy in the cese of sulfathiasole %o up-
grade the results bub never as such &8 ome +. 10 is fell thel this is
dus to the fact that the sulfathlezcle copper complex formed, iz orangs
under these conditions afralkalinihy» This tends to maxe the results
appeer higher, whereas with sulfenilaxide the tannish-white complex
formed, tends in tho BDenedict and Clinitest to give a greenish cust o
the sclution, thus mqkia; the results sppesar lower. The fact that purt
of the cuprous ion is removed &8 a scluble complex, colorless in selution,
thus yielding lese cuprous oxide, is an additiopal mechasniss to sccound
for the low readinge, sualitstive urine sugars sre gradsd boih on the
color of the supernatent fluld and the awount acd color of the amyréua
oxide formed. ‘

It was felt thai the interferencs of auif:nilamiﬁa in qualitative
urine sugsr determinations would be especially important in the case of
diebetics on sulfsniilsmide therapy. For ible reascn a series of diabatie
urines wers obtained and varying ssounts of suifenilanide added and
qualltative sugsr teets carried out. Here, agals, the results showed a
sindlar interference. The following teble iilustrates tless Lindioge.

| TABLE V1
The interfersace ceused by‘aulrhnilamida in the deterzination

of sugar in dlsbetic urine.

Gluicose (Semogyl)  Sulfanilamide  Denedict Clinitest
gus. per 100 ml, mgs. pex 100 mi. Reading Reading
Cu47 L+ J + trace
i5¢ trace -

300 trace -
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Glucose (Somogyi) Sulfenilanide Baﬁaﬂi@t Siinitest
Bgs. per 100 ml. ngs. per 100 mi. feading Reading
006 i‘}b + 4 + +
150 P +
300 v * kS
1,58 0 PN a4 *
150 b 4 o+
300 W + +
1,86 0 R R R
150 + ¥ + + ¢+
300 IS b b #
292 0 R R
150 LR I O 2 + 4+ 4
300 LI I & 4
3.20 0 4+ 4+ e kP
1350 vy + 44

Results of qualitstive uriae sugurs detersined on urine of
patients under sulfsnilamide therapy sust be viewed with skepticlsm
if such tests sre made w;tifs the Clinitest or Bensdict method., The
clinical significance of these {indings, however, sssuros less impor-
tance &t toe moment becsuse of the decressed use of sulfanilenmlde and
ths increased use of adivativm of this compound.

If o qualitative sugar detersination must Le nede on a sample
containing high levels of sulfanilamicde, the Somogyl metuod is recon-
pended. The interference can alsc be obviated by removing the drug
pefore the test i3 carried ocut. This can be sccomplished ze folliows:
To 10 ml. of uriue are added aboubt 0.5 gm. of norite to adsorb the
suifanileside. After sbakiang about half a minute the sanple 1s
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filtered. Urioe treoated in tale wanoer ne louger contelns sulfaallanide
&8 tested by the Bratton and Mavrshall tecanigue {5). Sugar deterxins-
tiong by the Semogyl metiod before and altesr Lhe noritve treatewent ine
dicsted that no sugar was lost through sdsorption.

Urines pretreated in this way shos gorrect resdings wiih the
Ciinitest method, With the Benediet test, however, the resulis are
hard to grede as urine eclarified io this manner gives atypical colors

Just as pure glusose solutions do.
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PREPARATION, ISOLATION ANL CUARACTERIZATION OF CUPRCUSCCPPER
COMPLEXES OF SUMY SULFONANIDE DROGE.

PREPARATION

Since sulfanilendide witn its murvelous chemctherspeutics
properties was given to the world in 1935, the chemist has syathesized
thousands of derivstives in the bopes of finaing even more effective
drugs. At the preseunt timn; there are perhaps ten of these cowpounds
that are widely used in the field of medicine. & review of the liter-
sture revealed no reports of nap?ar sulfonapide complexss similar to
thoge first isolated in this work (4). Toerslore, varioug of these com-
pounds were preparsd for anslysis.

Copper sulfonaside drug complexes can be propared inm sn alialine
copper sclutien conteinlag glucose which reduces cupric ion o cuprous
jon. It i® possible under the rigat conditions of temperature and cob-
esutration to furs thess crystaliine complexes with a nunber of the
sulfonanide d4rugs.

Sulfanilamnide, :ulfazhia;aia end sulfapyridine copper complexes
can be preparsd in the fellowing mauners To 250 sl. of Sheffer-Harimann
roagent He. 50, 100 ml. of en aguecus solution coutaining 1 gm. sulfonan-
jde drug and 150 mgs. glucose sre added. This mixture is slownly heated
over & flame with frequent sheking untll the cosplex precipitates. The
crystals are then rewoved by filiration, purified by wasiing several times
in cold water, and dried in & vacuum desgioator.

#ith sulfadiasene, momouethyl suifedissene and dimethyl sulfe=

diasene, it was found necessery to changs the proportion of glucose and

sulfonesids drug in order to avoid the formation of cuprous oxide. With
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toege drugs the following protedurs i# foliowad: To 250 ml. Staffer-
Hartsann resgent ko. 50, 250 ml. weter contsining 80 nge. glucose and
1445 gu. sulfooupide drug sre addgd, Uaiag theae proportibns, cuprous
ion was formed at a slow encugh rate for the sulfonamide drug to react
‘with it and form the complex without the precipiiatico of cuprous
oxids. After the crystals are tiibernd.ik ie posaible to cbtain &
gecond erop by sdding another 80 mge. of glucose aud rveheailing the
solution cautiously.

Yo date it has not been poasidls to fors sulfaguanidine coppar

conplex uuder any conditions of temperzture and concentration employed.

Those énngit:na are inscluble im water but scluble in dilute
acid and alkeli. It ie icteresting to nole that sulfenilasmlide copper
complex decomposes readily in dilute acid with the libsraticn of cuprous
oxide; tie other complexes reguire & much higher concentration of acid.
The pelting points could not bs obtained on any of the compounds as
decomposition beging between 200“36006m

Sulfanilavide coppar complex is the enly sce of the group pre-
pared toat discolors oo standing. The other eryutals retain their
original c¢olor. Sulfathiszole forus s white somplex under the above
gonditions of temperaturs and concentraticn. On incressing the alke-
lnity, however, tae complex formed is crange in coler, but the various
colored orystals appear ideatical microseopiocally. Sulfspyridins, and
dimethyl sulfsdissine also fors shite complexes, waereas sulladiagzens

and monowethyl sulfadissene form yellow complexes.



GHALICRS

For the sulfur anelysis a sedificetdion of the Liebig Alkall
Method (6) wes used, Ia @ silver crucible, 3.6 gm. of KOH und 0.33 ge.
of HHG} sre fused over au eiectric bot plate and thes allowed T cool.
To this & weiphed sample of the puﬂﬂ,aa éx*ysm.’..n ip added and the
mixture heated until oxidstion is complete. Caution must be exercised
at the begimning of ths hesting to avoid exvess foaming. After ceoling,
the residue iz transferred to & 250 ml.bsaker, The black precipitate af
supric oxide ls filterga off and the filter peper wached with hot waler.
The filtrate is nenirsliszed with concentyated HUL to the phenolthalein
endpoint snd 1 ml. in excess addad. The solution is tmua beated te
peiling end 10 ml. 10 per cent Ball, sdded dropwise. deat is applied
for about one half hour longer to allow the Badl 4 crystals to eggregaie.
After stending overaight the BaSO, is flltered iate 2 weighed Goosh
erucible and waghed with hot distilled water until ali chloride ioa is
removed. The crucibie is heated in au oven atil0®C to constant welght.
The amount of sulfur preseat is calculated fros the weignt of Bafd 4 and
the percentage in the sample thus determined.

Tae following method (7) wus Auud for the determivaiion of
COppeT. A& m&ghe{i- sample of crystais ip placed in a 12" x 1* pyrex tube
aud 5 nl.H.0 and 5 mie conceutrated 450 y are added. This is hested to
eharrisg, sllowed to cool sad then 0.2 ml. concentrated EME added. Thi
is repeated until the sclution is clear indiouting complete oxidation.
Te remove tae aa£:3 completely it is necesssry to add water and boil it
off :aﬁrul tives. Finally the sample is diluted with water sud treus-
ferred to a 100 ml. wolumetric nm aad diluted tc woluwe. A 10 ml.

sliquot is pipetted iuto 125 wl. Erlenmeyer flask. Concentrated #i 4€32~';
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is added until the maximum blue color of ths wﬁx-w ammonium complex
is formed. Glecial ﬂii30605 is next added until the disappearance of the
bige color and then 1 ml. is excess. After 2 gu. KI are added the |
solution is titrated with 0.0L N sodium thlosulfate.® Just before the
andpoint is r&#che-& 1 ml. of a 1f starch sclution is added and the v
titration completed.

The nitrogen determinstiocns were dome in the following meunery
A weighed sample of erystals is placed iu a 12" x 1% test tube and § ml.
uﬁar and 3 ml. concentrated i, 80, are added, This is boiled uniuil
charring begins, sod then 3 sl. selenius digestion pizxture are added.
The mixture iz digested for seversl hours, govled and diluted %o
300 ul, in & wimiriﬁ fiask,. ,

The metbod saployed from this poini was the vacuum distdllation
tecnnique of Rinehart, Orondasl aud %est (9). This digestion nethod
and vacuum distillstion was sstisfactory will all of the compounds
studied except copper sulfepyridine. For this compound the method of
Klsk snd Sabotie (10) was employed. & weighed sample of the compound
is placed in 8 100 ml. volumetric flask with sufficient H 80 4 o affect
solution. After diluting to volume & 10 mi. aliquot is pleced in a
1:® x 1» test tube wita 80 wgs. ii_ge, 100 zgs. glucese, 1.0 gn. K;&J‘,
sod 3 mle wn&wtrata& ﬂ‘?@ 4 This is heated cauticusly uatil foaming
ceases, sud the digestion completed ia the ususl way. The solution is
diluted to 25 ml. and & 10 ml. sliquot teken for ammonia detersinstion.

The ssme vacuum distillaticn apparatus ‘ia ueed but 0.75 go. of
sodius thiosulfate (11) is sdded with the alkali uged to liberate the

#The sodius tudosuifste was standardised against pure copper
a8 suggested by Bromund and Bleinsr (8).



-

L rYs
pnmenise Thﬂ ob jeot of toe sodiun thiopulfate is to convert the mere
cury used as & digestion catslyet io mercuric sulfide, preventiag the
formation of mercuric smpomius sulfste. The anmonia is then distilled
inte 4 per cent boric aeid instesd of inte standard hydrochloric or
sulfurie acid. The ssmonium borate formed is titrated wiih stendsrd
soid to methyl red endpeint, and the amoust of Lhe nitrogen in the
semple calculated.

The setheds as dencri@a& above were cheoked egainst standard
solutions of the slement Yo be deteruined. Satiafsctory resulis wers
dbtainnd in each oase.
| Analyeis of sulfanilamide copper complex shows 1l.l per cent
sulfur, 9.6 per cent mitrogen and 33.2 per cent goppsr, wiich indicates
3 atoms of copper, 4 utoms of mitrogen end 2 atoms of sulfur per mole-
@ile. The resulis are uniformly bigh, hosever, for a compound aént&ining
2 moleculss of sulfenilamide and 3 atems of copper. There is uc water
of cryestallisation, The formuls {Cﬁaaﬁaﬁﬂz)ﬁeuatﬁaizia ia good agresment
with tos analyticel deta.

Ansiygis of sulfathissole copper complex shows 1 aton of copper,
3 atoms of nitrogen, and £ stows of sulfur per molecule which indicaies
i stom of copper per mclscule of drug in the compound. The soslytical
date for sulfadissene, monvmethyl sulfadiszene, and disethyl sulfediazene,
sbow the sene ratio of drug 0 copper.

The following teble gives the result of the analyses of several
sopper sulfonemide complexss. In each instauce geveral determinations

wore made on at least two dtfferonaé preperations of the compound.



TABLE VIX
Sulfur, ocopper, sad nitrogen content of various cuprous-

sopper sulfonanide coLplexes .

Sopper Corplex Sulfur lddrogen ‘ Coppor
Found Calouwlated” Found Caloulated” Found Calewlated"
Suifenllemide il 11,25 G946 GeB 3343 335
Sulfethiasole %040 19.9 13.d  13.& 20,0 20,16
Sulfepyridine 10,47 10,24 13,51  13.46 20436 20,39
Bulfadiszens 10,22 10.22 17,67 17.87 20,21 20.24

Mmemetiyl suldiagene $.73  9eEl  17.05 17.02 18,91 19.13
Dimethyl sulfsdiasene 9,35 9.36 16,28 16.42 12,35 18447
#iftar thie date were compiled, formuias wers developed to it
the analytical date., From this, theoreticel values for sulfur, nitrogen,
and copper wers caloulated. T&;eu forzmlas sre found in %&z&‘ following
table.
TaBLE VII1

Proposed forsules for some of the cuprous-copper sulfosamlde

conplexes.

Lopuex Complex Eropoged Formula
Sulfenilanide (Cghigh,805) ;04 (OK)
Sullatiiiascle ~ (%ﬁgﬁ 332132)911
gulfapyridine - (Guiilingmﬁ}t}u
Bulfadiaszens ’ (CypHy ol 80z) 0
Honometiyl sulfadissene (Cy4Hy 2 802) Cu
Dimethyl sulfadiesens (G301 ¢, 809)Cu

Suoecioyl sulfathisgole, acetyl sulfanilamide and phibalyl suifew

thisgole do not form cuprous-copper complexes under the conditicone
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employed. 7This led to lhe essuxption that only sulfonanide druge
with & {reepars-amine group would form these complexes. An excsrtion
to tuis was recently cbserved, howaver, whet & crystullice complex was
formed with B4 nicotinyl sulfesilumide under conditions used for the
preparation of the other compounds. Thus the esrly interpretation of
the mechanism of erystel formetion was in error and at preseni the
pogition of the euprous loas and the valence arrangeneunts of them in

these compounds 1s uonknown.
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PART 11X

IDEWTIFICATION CF SULFORARIDE DROGS BY THE COLOR AdD KICRUSCOPIC
APPEARANCE OF THBIR COPPER COMPLELES,

Sinse the copper sulfonemide complexes have cheracteristic
grystalline hebits, these are of value in the ideatification of the
druge.

For ideuntificetion the cxystals have been prepared as follows:
To 5 ml. Shaffer-iertmann reagent lo. 50, 10 ml. water, 3 wmgs. glucose
and 30 mge. of the sulfonamide drug ere added. After 3 minutes io &
boiling water bath the erystals form and can be identified by their
charactoristic shape.

Photoricrograpns on Page 26 ghow six types of sulfonamide
sopper erystals preparsd iu the sbove sanner.

It is alsc an 8id in identification to examine the coler and
groos a3:Mw¢® of the crystals. Bulfanilaside copper crysials 4o not
procipitate until the solution is cooled and shaken. They fors a sperse
erop of fine, white granuler crystals. Sulfetniaszole copper complex is
a loose, flocculent, white precipitate. Sulfapyridine copper towplex is
a gremuiar, white precipitate. Wudi@wa copper crysiels are yellow
and gramular. Frequently suprous ox:;.;ée ;x.a f@fmd with these crystals,
but offers ne interference iu the misroscopic smamination. Menomelhyl
sulfediszene coppsr crystals appear yellow and floceulent ané dimeinyl
sulfedissens copper cempound orystalllges white and flocculent.

It is possible to t&ke any one of these six sulfonamide drugs sud
identify it by this mesns in § to 10 minutes. It was hoped that this
method of identification would be applicsbie to bedy fluida. To date
| i% has been impossible prapaere charscteristic orystel cesplexss [rom
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urine conteianing these drugs. The resson for this ie not elear but
it is possible that the menmy other substences preseut in urine prevent

the Teacition.



FIGURE I

Cuprous-copper Snifopamide Compounds



SULFAPYRIDINE MONOMETHYL SULFADIAZINE

FIGURE 1.
CUPROUS-COPPER SULFONAMIDE COMPOUNDS
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SUikaRy

1t has been demonstrated that sulfenileaide interfeves iu
jualitetive and guantitative sugar deteruinations when certain
llmlimv copper reagents are employed.

Data are presented indicating the degree of ianterfersnce i quanti-
tative detersizations of sugar in blood and urine.

Bevause of the diiutiocn factor loveived in the guantitative tests,

 the error is not sufficient to be of climical significence. Ths

percentage arror is dependsnt on the ascumt of glucoss and
suifenilamide present.

The mechanise of sulfanilavide interference is dus to the formstion
of & cuprous-copper sulfsnilamide complex. This removes part of
the cuprous ion, In the quantilative test part of this complex
formed is decomposed on acidification, but there is always a
suall, constant amcunt of complex which is not decomposed. This
allows less cuprous ion for reaction with iodine and thus t‘.tm.
resuits are erronedusl; low.

Iﬁ_ qusntitative gugar determinations sulfatblssols and sulfapyridine
cause en errer in a direction opposite o that found in the ease of
sulfenilamide. These results sre unexplained.

Date are also presssted showing toe interferance of sullsnilaside in
t*uuit&tivn urine pagar deterainations.

The error in the gualitative test is sufficient to be of elinical
isportance, particularly in the cass of diabetic patients on sulfe-
nilamide therapye.

In the gualitative tests the results are erronecusly low becsuse

cuprous oxide is resoved fros tie eolution as the complex is forved.
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The tanaishewhite solor of the copper sulfanilamide complex elso
tends to lower tne readings;

s Sulfatuiescls, sulfepyridine, sulfedissene, monomethyl sulfadiasene,
and dimethyl sulfladiasens do not cause & similar lnterference. The
conditions of alkalinity end concentration of gluccss end sulfcnamide
drug in these tests are apparently lmproper for the fermation of
these couplexes.

i Gupréuanacppcr sulfonamide cowplexes are prepared by heating the
sulfonauide drug in en alkaline copper sclution in the presence of
& reducing sgent such a5 glucose.
ils The analytical methode used to deteruine the aulfur,nibrogtn}nﬁd
copper content of these compounds are given in detail.
1Z. Pormulas proposed from the analytical data are as followss
Sulfanilanide complex {Geﬁsﬁagﬁa3zcﬁaiﬂﬁ):
Bulfethisszole cmﬁylax(%ﬁ%ﬁ3saﬁz)Cu
Sulfapyridine complex (ﬁilﬁllﬁaﬁﬂz)ﬁu
Sulfsdissene complox (CpgH;gH,50,)0u
Honomethyl eulfadissens eéaylcl (€335 48,80,)Ca
Dimethyl sulfsdiazene complex Oyl ,80.)Cu

13. A review of the lilesrature ruitnlad‘ga pravious report @i such

gopper suifonesice complexes.

14, 4 technique is deseribed for the identification of elx of the

conponly employed sulfopamide drugs. This iavoives the examination
of the color and caya#al forme of the cuprous-copper complexes

degeribed, Photomiorographs are pregented.
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